A s the 21st century draws closer, awareness and prevention of upper extremity cumulative trauma disorders is and continues to be a focus of many businesses' occupational health policies. Employers have given a great deal of attention to work related injuries known as cumulative trauma disorders (CTDs). Developing strategies for preventing these disorders and identifying the risk factors is of great importance to many organizations if they are to be cost effective enterprises.
A s the 21st century draws closer, awareness and prevention of upper extremity cumulative trauma disorders is and continues to be a focus of many businesses' occupational health policies. Employers have given a great deal of attention to work related injuries known as cumulative trauma disorders (CTDs). Developing strategies for preventing these disorders and identifying the risk factors is of great importance to many organizations if they are to be cost effective enterprises.
This article reviews the CTD literature, addresses ergonomics and training issues, discusses psychological concerns, and explores health and wellness trends. The article suggests a strategy involving education and training to prevent CTDs of the upper extremities and to promote employee wellness. By introducing education and wellness programs, businesses can contribute to control of workers' compensation costs. BACKGROUND CTDs, often described as musculoskeletal injuries, have been ranked first among health problems affecting quality of life (CDC, 1992; NIOSH, 1983) . The cost to business of musculoskeletal injuries based on lost earnings and workers' compensation payments exceeds that of any other single health disorder (CDC, 1992; Zabel, 
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The United States Labor Department reported that the number of repetitive motion injuries continues to rise despite a decrease in overall workplace injuries and illnesses (CDC, 1992; Department of Labor, 1986) . The incidence of overall injuries and illnesses filed on behalf of full time workers decreased slightly to 8.4 cases per 100 workers in 1995, down from 8.6 cases per 100 in 1994. However, repetitive injuries or CTDs reported to have increased by 15% during the same time (Newsbytes, 1996) . Furth (1994) reported that nearly 10 million people worldwide sustain job related musculoskeletal injuries each year. The category of CTDs has grown from 18% of all United States workplace injuries in 1981 to 48% in 1989 (Rystrom, 1991) . It also has been reported that >80% of the reported 250,000 new cases of occupational illnesses of American workers included CTDs of the upper extremity (Vannier, 1991) . In fact, these upper extremity disorders were ranked second in research priority by NIOSH (Dortch, 1990; Rystrom, 1991) . This is the primary reason an ergonomic standard was developed for the meatpacking industry in 1992.
In 1993, a general ergonomic protective standard was being developed by the Occupational Safety and Health Administration (OSHA). However, in 1995 there was a significant change in Congress, and progress toward this standard halted. Small businesses were against it. They lobbied the Republican Congress and were successful in defeating its continued development by OSHA. Small business employers feared that the expense of enforcing such a standard would have a negative impact on their profits. Work sites can influence the health and well being of employees in many ways. Employers have many options for improving employee health such as such as introducing and enforcing specific safety procedures, improving environmental conditions, mandating smoke free workplaces, ensuring employee cafeterias offer healthy food items, and providing opportunities for physical fitness. Support for worksite health promotion continues to grow, demonstrating that well designed worksite programs can contribute to reductions in absenteeism; increases in productivity; health care cost containment; and improved recruitment, retention, and employee morale (National Survey, 1992) , not to mention healthier and happier employee.
Wellness promotion has been defined as a process of being aware of altering behavior toward a more successful physical, mental, emotional, psychological, occupational, and spiritual existence (Wellness Council of America, 1993) . However, management is often reluctant to accept the cost effectiveness of health and wellness promotion programs. Nevertheless, the benefits of health promotion and related wellness activities have shown increases in morale, productivity, and work force quality (O'Donnell, 1984) . As a result, health and wellness promotion in the workplace have gained industry support (Harris, 1991 (Harris, , 1997 . Besides improving morale, productivity, and work force quality, health and wellness promotion also has brought reduced absenteeism and a method for managing company health care costs (O'Donnell, 1984; Wellness Council of America, 1993) .
The National Survey of Workaday Health Promotion Activities, conducted by the Office of Disease Prevention and Health Promotion (1992) demonstrated that 81% of worksites with 50 or more employees has some degree of health and wellness promotion. Researchers reported by the year 2000, perhaps 85% of worksites may have some type of health and wellness activity. Specifically, it was reported that 32% of worksites have back injury prevention education, up from 29% in 1985. The investigators projected that this should increase to 40% by the year 2000. Injury prevention education programs are strategies employers can use to prevent CTDs of the back and upper extemeties in particular, and to promote employee wellness in general. This articles focuses on prevention of upper extremity CTDs, through education and training about job hazards and injury prevention.
CUMULATIVE TRAUMA DISORDERS
CTDs result from repetitive motion, repeated pressure, and poor positioning (Department of Labor, 1986) . Repetitive motions may lead to such disorders as carpal tunnel syndrome (the most common upper extremity CTD), tendinitis, ganglionitis, tenosynovitis, bursitis, or epicondylitis. Anecdotally, evidence reveals that other common CTDs caused by repetitive motion may occur in the neck, upper back, lower back, and knees.
History
The issue of repetitive motion at the workplace is not a new problem. Ramazzini, the "father" of occupational JUNE 1998, VOL. 46, NO.6 medicine, writing in the late 17th Century, identified two types of workplace hazards: the harmful character of the material handled and certain violent and irregular motions and unnatural postures of the body, by reason of which the natural structure of the vital machine is so impaired that serious diseases gradually develop therefrom (Castonia,1990 ).
Due to performance of repetitive tasks in many jobs, CTDs now account for more than 50% of all occupational illnesses reported in the United States (Kentucky Labor Cabinet, 1994; .
Risk Factors
. Six identified work related risk factors for CTD include repetition, force, awkward posture, direct pressure, vibration, and insufficient rest (Putz-Anderson, 1988; . If two or more risk factors are present at the same time, the combination of risk factors markedly increases the potential for development of CTDs. The development of the disorder is progressive and occurs slowly over many weeks, months, or even years.
A major contributor to the growth of CTDs in the current workplace could be increased workplace demands. The major goal is productivity and profit. If a company can produce more widgets than its competitor and sell them, then it may achieve larger profits.
Psychosocial Concerns
In addition to physical impairment or disability, many individuals with CTD have psychological and psychosocial involvement. The condition affects many areas of their lives. Individuals with CTD report significant pain and limitations in daily activities. The results often can include emotional and financial stress, loss of self worth, and occasionally permanent impairment or disability (Furth, 1994; Wolfe, 1991) . Many treatment approaches are commonly used to facilitate movement and alleviate pain. However, few studies exist showing the long term results from various treatment modalities Because CTD is a well documented disorder, it is likely that prevention education provided to employees at risk for developing CTDs can result in decreased incidence. Perhaps with such education, workers will adopt new attitudes and perceive the need to change work behaviors and incorporate the information gained into other daily activities and routines. Such behavior changes could minimize future disabilities, emotional stress, time away from work (costly to the employer as well), and financial losses for the employee.
It is important to be aware of job dissatisfaction and enhanced stress in employees with complaints of CTD to facilitate attempts to address their dissatisfaction. When the incidence of CTDs exceeds expectations,the situation must be reviewed and problems and activities that can be changed should be identified. Often these issues are within upper management's power to control, but are not always within the authorityof first line supervisors.It is the respon-
Although CTOs impact many body parts, the upper extremity wrist and hand and cervical and lumbar regions ofthe spine are the areas typically identified.
sibility of management to address these concerns. Other psychosocial concerns identified by persons with CTD are job insecurity, offensive comments made by coworkers, and family problems. These concerns may have a deleterious effect on the morale of the worker with CTD (Kelley, 1996; Krause, 1997; Miller, 1996; Samuels, 1986) . For the employee who files a complaint or reports an injury, frequently there is concern about job loss. Families of workers with CTDs may have psychological concerns during the period of adjustment period to this disorder. The individual may be irritable at home due to pain and anger, resulting in a negative impact on the family.
Upper Extremity CrDs
Although CTDs impact many body parts, the upper extremity wrist and hand and cervical and lumbar regions of the spine are the areas typically identified. The literature refers to this broad class of disorders as overuse or overexertion injuries, osteoarthritis, degenerative joint disease, chronic microtraumas, and repetitive strain injuries (CDC, 1992) . Putz-Anderson (1988) defined CTDs as "those disorders with slow onset and often innocuous character of microtrauma. A condition that is often ignored until the symptoms become chronic and permanent injury occurs." For example, McGlothin (1984) found that workers performing repetitive manual tasks are at risk for CTD. Repetitive wrist flexing or armwrist-finger movement may lead to damage of muscles, tendons, and ligaments in the wrist that become noticeable only after months or years of routine work.
Carpal Tunnel Syndrome
Carpal tunnel syndrome (CTS) and other CTDs affecting the wrist are often associated with work on assembly lines, such as in the automotive, electronics, and meat processing industries (Department of Labor, 1986; Putz-Anderson, 1988) . CTS also affects musicians, waitresses, and office workers. Upper extremity bursitis, a CTD affecting the shoulder, is most often found among workers who perform work above their heads, such as installation of ceilings and overhead light fixtures, fruit picking, and some assembly jobs (Wellness Council of America, 1993) . Many companies require employees to perform simple repetitive tasks, such as gripping, pushing, and reaching, constantly during the workday. In fact, these movements may be performed 25,000 times in the course of a workday (Kentucky Labor Cabinet, 1994) . When force is applied repeatedly over a prolonged peri-298 od to the same muscle group, joint, or tendon, cumulative forces may cause microtrauma . Castonia (1990) found that postal workers who develop CTS while operating letter sorting machinery often do not experience their first symptoms until they have worked with the equipment for several months or years. Thus, CTS is also known as "overuse syndrome" and "repetitive motion disorder" (Furth, 1994) . As stated previously, it is believed that as a result of wear and tear on the joints used repetitively, microtrauma occurs in the soft tissue and/or a peripheral nerve becomes entrapped (Aja, 1990; Putz-Anderson, 1988) . CTS is the most common nerve entrapment disorder (Furth, 1994; Kentucky Labor Cabinet, 1994; Putz-Anderson, 1988) . In CTS, the median nerve becomes entrapped, caused by the excessive repetitive motions deviating from a neutral position at the wrist. Increasingly, businesses are seeking assistance from health care professionals for the prevention and treatment of CTS.
PROGRAM DEVELOPMENT
The 
Job Analysis
Risk factors must be identified before an employee can prevent work related situations that might contribute to developing a CTD. In the workplace this is often accomplished through a job analysis by an ergonomics professional.
Ergonomics
Ergonomics is the science of work. It encompasses the design, human factor, and psychological factors of work (BCPE, 1992) . Ergonomics, a well defined field of study, was established approximately 40 years ago. It is reported to have been founded by a British multidisciplinary team with scientific approach to the study of work efficiency. In the United States, a similar group evolved, which chose the name "Human Factors Engineering" (Bettencourt, 1995) . Ergonomics is regarded as a specific approach to the prevention of work related injuries. Employers are recognizing the need to take action because of increased health care related costs and employee dissatisfaction when workers are injured.
The ergonomic approach is typically seen as fitting the job to the worker, rather than fitting the person to the job. This approach usually involves a selection and screening process, skills training, fitness training, health education, and/or stress management (Pheasant, 1991) . Fitting the job to the worker involves work station/tool design or redesign, safety engineering, and the incorpo-ration of environmental and/or administrative controls such as job rotation, increased breaks, and abolished overtime.
The rationale for incorporating ergonomics into workplace health and wellness programs is to reduce the incidence of musculoskeletal problems, including CTDs. Ergonomics typically involves use of problem solving techniques. Early identification of ergonomic problems is essential as a means of preventing or minimizing pain, discomfort, and their associated costs to both employees and employers.
Recognizing ergonomic problems that may cause CTDs, before injuries occur, requires an ergonomic analysis of the work, work systems, and the worksite. The workplace ergonomic analysis ensures that work systems equipment and facilities are not causing ergonomic problems. Consequently, the first stage of an ergonomic analysis is identifying the problems in a job identified as contributing to the development of CTDs. The second stage is the identification of potential solutions. The third stage is the implementation of appropriate solutions, with the fourth stage a follow up review and job analysis.
Tools may be an important potential ergonomic hazard (Adams, 1994) . Both small tools and large power tools that require the overuse of specific muscles may necessitate a change in employee work practices such as job rotation or workplace redesign. Erratic machinery performance also may change the pace and muscle movements involved in a particular job. Frequently, an ergonomic consultation may be helpful to assist engineers or job design personnel with equipment modifications and tool selection. Hand tool design, including factors such as size and weight, need consideration. These interventions are commonly referred to as engineering or administrative controls (CDC, 1992) .
Injury Prevention Education/Training and Promotion of Employee WeI/ness
As noted earlier, because of the disruptions to work, reduced efficiency, psychological stress, absence from the workplace, and financial losses, CTDs have gained significant interest from employers, employees in certain job settings, and health care providers. An important strategy for preventing the disorder is the training and education of employees at risk for developing CTDs so they can work efficiently in a safe and healthful manner (Putz-Anderson, 1988) . Other strategies for preventing CTDs include introducing stretch and relaxation breaks, job rotation, and/or redesign of the workplace.
Prior to planning an injury prevention education and training program, the health care professional providing the training needs to determine what pre-intervention knowledge employees have about their job and about proper postures and positioning. With this information and appropriate consultation with management, the program planner can develop the appropriate content and activities, as well as targeting employee needs (Hager, 1995) . Sluchak (1992) suggested that nurses in the workplace need to remain alert to this area of prevention JUNE 1998, VOL. 46, NO.6 because they are uniquely qualified to identify actual and potential ergonomic problems in the workplace. Other health care professionals, such as occupational and environmental health nurse consultants and occupational therapists, can be used as needed.
An education and training program should include a review of anatomy of the anatomy of the upper extremity and identification of high risk factors (repetition, force, awkward postures, direct pressure, vibration, and no rest) (Putz-Anderson, 1988) . Explanations, demonstrations, and practice of proper lifting, positioning, and moving techniques are essential training components.
Workplace training programs traditionally have been designed to teach efficient and safe work practices. It is the author's view that an effective program needs to incorporate participatory collaborative learning in the specific context of the job. It is unsatisfactory for employees to go to a training site to watch a videotape on proper positioning of the hand and wrist as the sole means of learning to avoid CTD of the upper extremity. A different approach needs to be considered. The person providing the training program must visit the worksite before developing the prevention program. During the visit, discussions with managers, supervisors, and front line workers must take place. In addition, jobs identified as high risk for development of CTDs need to be videotaped.
Creating opportunities for employees to express their concerns is important. This approach then is perceived not only as preparation for training, but also as problem solving and providing psychosocial support for employees. Management is then assisted, by employing a problem solving process, to make recommendations for change using the information obtained before and during the training program. Wilson (1991) found that an advantage of workplace educational programs is enhanced worker satisfaction. Specifically, Wilson concluded that a benefit is employees' increased knowledge about the pathophysiology and biomechanical causation of CTDs. During injury prevention education and training, employees are taught how to avoid stressful movements and how to include more periods of rest while at work. The optimal goal of any prevention program is to reduce the opportunity for injuries and/or increase the rate of recovery for workers presenting with symptoms of CTD. Allowing employees to ask questions during training and then adapt their workplace or modify their tools and work activities fosters a collaborative learning situation and should result in a successful outcome.
Surveillance and Training
Videotaping employees performing their jobs and reviewing the tape with them enlightens workers and management about how to modify work activities to reduce or eliminate factors (Fraser, 1991; Wilson 1991) . During the training, the teacher can stop the videotape to reinforce the use of proper body mechanics and to reiterate the importance of risk factors by asking the participants to identify and discuss them. Zabel (1997) reported that videotaping provides an opportunity to analyze job tasks away from the workstation so as not to disturb production and also allows viewing the job from multiple angles. Tapes can be played in slow motion to effectively evaluate postures and repetitions.
Management and Costs
Expenditures of an injury prevention or wellness programs are difficult for employers to justify, as they are an added cost with no perceived profit. Shi (1993) analyzed an injury prevention program that offered employees a combination of education, physical fitness program and ergonomic changes. An intervention group was given a health risk assessment before and after the 1 year back injury prevention program. The control group was neither given the health risk assessment nor offered the program. The incidence of low back CTDs and cost data of both the control and the intervention group were collected before and after 1 year of education and training. Results showed a decrease in back pain prevalence rates, significant improvement in employee satisfaction, and reeducation in poor body mechanics with the intervention group as compared to control group.
Unfortunately, most companies fail to connect the amount of exposure to risk factors and health outcomes. Research into the design and evaluation of various programs that effectively collect and analyze intervention strategies is needed (NIOSH, 1994) . Breske (1997) reported that teaching employees about risk factors during a prevention education training session is important. However, employers must educate supervisors to analyze these issues daily. The author concluded that most employers typically perform the annual review of risk factors, but seldom follow through with reinforcing these issues routinely.
CONCLUSION
Even though a national standard for CTDs has not emerged, many employers are aware that upper extremity CTDs are not going away, especially with the increase of computers in the workplace. Proactive companies are looking for strategies to combat CTDs. Injury prevention education and training is a strategy to promote health and wellness and allow employers the opportunity to avoid or control and manage CTDs in their workplace. Knowledge and understanding about ergonomic principles and their application can provide the foundation for the development of ergonomic interventions, including job analysis and injury prevention education programs.
The incidence of CTDs has increased over the past decade (Bureau of Labor Statistics, 1993) . It is believed that promoting employee injury prevention education and training at workplaces in which upper extremity CTDs have occurred or are at risk of occurring, can have a significant and positive impact on at risk employees and their employers. The concept of "wellness in the workplace" is beginning to be accepted in the United States. Healthier, satisfied employees are more likely to be more productive and safer. Education programs for workers about upper extremity CTDs could be included in the 300 employees' general orientation program. Many CTD risk factors, including repetitive movement, awkward posture, direct pressure, force, vibration, and inadequate rest have been associated among American workers with elevated risk of upper extremity CTDs. Reducing exposures to these risk factors reduces the risk of CTD development. It is possible that reducing known risk factors and educating workers could have financial benefit for management and should result in health and well being for employees. Randolph (1992) stated that the occupational health nurse should assume a proactive role in the area of ergonomics. The goal of occupational and environmental health nurses, as well as the other members of the health and safety team, is to work to eliminate the cause of the problem, in addition to relieving worker symptoms. Before firm conclusions can be formed about the benefits and cost effectiveness of injury prevention education and training as part of an overall wellness program, further research is needed to include evaluation of the efficacy of injury prevention education and training in reducing and preventing upper extremity CTD. 
Preventing Upper Extremity Cumulative Trauma Disorders
An Approach to Employee Wellness.
It is important that nurses in the workplace be proactive in the development and implementation of injury prevention and education programs related to CTDs.
Reducing known risk factors and educating workers could have financial benefit for management and should result in healthier, happier employees.
Employee education and training about upper extremity anatomy/physiology, risk factors and intervention strategies, including ergonomics, may promote wellness and prevent injuries in the workplace.
